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Niche Partitioning and Overlap in a Cloud
Forest Between Two Neotropical Warblers
(Parulidae)
Evan M. Adams
Whitman College, Department of Biology
_____________________________________________________________________________________

ABSTRACT
The types of niche partitioning between two congener bird species Myioborus miniatus and M. torquatus
(Parulidae) were studied in premontane wet and rain forest in Monteverde, Costa Rica. An altitudinal
distribution showed that M. niniatus was found at an average height of 1568m and M. torquatus at
1612m. Foraging behavior was also different between the two species with M. miniatus foraging at an
average height of 4.6m and M. torquatus at 7.2m off the ground. These findings indicate that there is a
large amount overlap in altitudinal distribution and foraging height between the two species. Stronger
partitioning with less overlap is seen in the foraging behavior of the species. Previous studies showed that
interspecific competition between the two species was detrimental to M. miniatus and helpful to M.
torquatus. Spatial overlap is therefore possible between the two species but it is undesirable for M.
miniatus. While there is a large amount of niche overlap, the two species are different enough that they do
not entirely exclude one another.

RESUMEN
Los typos de nichos separado entre dos muy similar especies de aves, Myioborus miniatus y M. torquatus
(Paruliadae) fueron estudiado en bosque mojado y lluvio de premontane en Monteverde, Costa Rica. Un
distribución de altura enseño que M. miniatus fue fundó en un altitud promedio de 1558m y M. torquatus
en 1612 m. También, compartamiento altura fueron diferente entre los dos especies con M. miniatus
alimenticio en un altura promedio encima tierra de 4.6m y M. torquatus en 7.2m. Estrategias alimenticio
cambieron con altura de alimenticio y per ambos aves comparten el nicho en estos maneras, también.
Segregacio mas fuete es fundó en compartmiento de dimacio. Un estudio pasado desrubió que ambos aves
pueden vivir juntos por M. miniatus fue menos salud que M. torquatus. Los aves san difernte bastante por
ellos vivir juntos, peo similar bastante que un ave está no saludable.

INTRODUCTION
Niche partitioning has been found to occur between and within species. Niches
focus around competition and are designed around avoiding direct conflict over resources
between species. Hutchison's Competitive Exclusion Principle states that no two species
can use the same resource in the same way. Later this idea was refined in Diamond's
(1973) study on island bird species. He found that some species could not inhabit the
same community with another similar species. One species will be more efficient at using

the limiting resource and the other will be driven out of the community. Therefore,
habitats and habits are partitioned and different species become specialized in different
areas to avoid direct competition (Shorrocks 2001).
A groundbreaking study showed how five warbler species shared a type of pine
tree by dividing it for nesting and other activities (MacArthur, 1958). These closely
related species were able to coexist because they divided their similar resources in similar
ways. The differences in how the resource is divided can be very subtle. When a niche is
not fully exploited, similar species will move to utilize the resources that are normally
taken (Kearst, 1970). A study with sparrows shows that similar birds also can divide a
niche based on the dominance of one species. The birds would select habitat based on
food quality with the larger birds would utilize more of the niche and dominate the others
(Rotenberry 1998).
In the tropics there has been a large amount of speciation in the avian community
probably do to the diverse mosaic of niches created by structural complexity and
heterogeneity found at lower latitudes (Terborgh, 1992). This mosaic is finely divided
into small niches to avoid competitive exclusion. A large number of species with
overlapping ranges can be supported by a tropical area because they do not exclude one
another in the way Hutchison describe. They act more like MacArthur's wrens by using a
resource similarly but different enough for each to survive.
In the Monteverde cloud forest in Costa Rica there appears to be two bird
congeners that violate all of the principles of competitive exclusion and niche
partitioning. Myioborus miniatus (Slate-throated Redstart) and Myioborus torquatus
(Collared Redstart) live in the same habitats, have overlapping altitudinal ranges, and
exhibit the same foraging behaviors for the same types of insect prey species (Stiles and
Skutch, 1989). The species must divide up their respective niches to coexist and my
study will examine the ways they manage to coexist despite having very similar life
history traits.

MATERIALS AND METHODS
Study Species
Myioborus miniatus is a small aerial insectivore in the warbler family (Parulidae). It
inhabits the upper understory to middle canopy of the highland forest and mostly sallies
for food, but sometimes gleans from bark or foliage. It lives in pairs year-round and is a
facultative joiner of mixed-species foraging flocks (Shopland, 2000). In the mountains,
from about 750-2150 m, it is a common resident (Stiles and Skutch, 1989).
Myioborus torquatus is in the same family as M. miniatus and is a very similar
bird. Foraging behavior is nearly-identical with sallying being the most common, yearround pair living, and the joining of mixed foraging flocks. But it also frequents more
highland second growth and pastures (Stiles and Skutch, 1989). It is a common resident
of the high mountain areas above 1600m. Both are considered flash-pursuit foragers

because they use tail flashes to take advantage of insect's escape responses and scare
them into flight capturing them in midair (Mumme, 2002).
Study Site
The study was carried out at the Monteverde Cloud Forest Preserve in
Monteverde, Puntarenas, Costa Rica (~10°15'N, 84°46'W). The preserve is comprised of
primary and secondary cloud forest with large and small trails interwoven throughout. It
lies on the Pacific slope of the Tilarán Mountains, ranges from about 1535 to 1670 m
above sea level in altitude and contains both the lower montane wet forest and lower
montane rain forest Holdrige life zones (Haber, 2000). The average annual temperature in
Monteverde is 18.5 °C and the average rainfall is 2519 mm. There is also a considerable
amount of precipitation that comes in the form of mist, 886 mm, which makes the habitat
a cloud forest (Clark et al, 2000).
Altitude
The data were collected from April 29, 2003 to May 11, 2003 from the hours of
0700-1300 each day the study was performed. The first phase of the project was to
survey the study site for the presence of both M. miniatus and M. torquatus. All the trails
at the preserve were walked (except for Sendero Brillante which was closed) only once.
Both birds are territorial and the possibility of repeating a bird was limited by not
walking a trail twice. Each bird found, though usually in pairs, was counted.
To assist in the finding of these birds a small tape recorder was sometimes used to
playback their own birdsong. This helped draw the bird to the observer and allowed them
to visually verify the presence of the bird. The tape is comprised of about 4.5 minutes of
each bird singing, separated by 15 seconds of silence. Each time a bird was found the
altitude was recorded from a Timex Helix Watch/Altimeter. It was calibrated to the
preserve's information center altitude of 1535 m at the beginning of each day.
Foraging Behavior
The trails in the preserve were walked again but no playback was used and pairs of
birds were counted as foraging units (i.e. a pair foraging was one data point). The
birdsong tape may have affected bird foraging height so it was no longer used. Foraging
height was estimated by using a known length (a meter stick) at the base of the tree and
an object in the hand of the observer. The height was estimated in terms of the object in
the observer's hand and then the objects relative size was measured using the meter stick.
Foraging behavior was broken down into two categories, sallying and gleaning, and the
observer chose which behavior was dominant over the time observed. The dominant
foraging behavior was the one that the bird spent the most time exhibiting. The amount
of time observing each bird was variable but approximately five minutes for each, this

depended on how easily observable the bird's behavior was.
Additional Observations
The study took place during the birds' nesting season from April-May in M.
miniatus and March-May in M. torquatus (Stiles and Skutch, 1989). Descriptive
information about the birds' nests were taken during the foraging behavior portion of the
project. Also, it was noted if the individual was part of a mixed foraging flock and what
other birds were included in the flock.

RESULTS
Altitudinal Distribution
A total of 34 redstarts were found and recorded. Sixteen were M. miniatus and 18
were M. torquatus. Myioborus torquatus were found to inhabit higher elevations than M.
miniatus (unpaired t-test: t-value = -4.212, P = 0.0002). The mean altitude for M.
torquatus was 1612 m (+/- 36.7) and was 1568 m (+/- 21.3) for M. miniatus. In the
frequency distribution a considerable amount of overlap between the two species occur
between 1560 m and 1600 m (Fig. 1). Six M. miniatus and eight M. torquatus were
found inside this range, which is almost half of the total birds. Outside of that range there
is no more mixing between the species. Myioborus miniatus and M. torquatus were
never found together physically during the altitudinal survey.
Foraging Behavior
Twenty-four different birds or pairs of birds were recorded. Significant
differences were found between the foraging behaviors of each of the birds. Myioborus
torquatus was found to forage at higher heights off the forest floor than M. miniatus
(unpaired t-test: t-value= -2.515, P= 0.0201). Average foraging height was 4.6 m (+/-1.8)
and 7.2 m (+/- 3.1) for M. miniatus and M. torquatus, respectively (Fig. 2). The range of
foraging height was 2.0 to 7.9 m for M. miniatus and 2.8 to 15.0 m for M. torquatus.
Foraging height was then compared to altitudinal height regardless of species (Fig
3a). A positive relationship was found between altitude and Myioborus foraging height
(simple regression: Y= -63.222 + 0.044X, r²= 0.274, P= 0.0103). Similar regressions
were run for each individual species with no statistical significance was found.
Myioborus miniatus had a very random pattern and M. torquatus had a positive
relationship between altitude and foraging height. The data sets split by species were
plotted as scatter graphs to supplement the regression graph (Fig. 3b). The redstarts show
considerable overlap when viewed this way. Between about 1530 m and 1575 m in
altitude and about 2 m and 9 m in foraging height is a cluster of data points from each
species.

The two different foraging strategies of sallying and gleaning exhibited significant
differences in foraging height independent of species type (unpaired t-test: t-value= 2.615, P= 0.0162). Sallying occurred at a lower height than gleaning (Fig. 4). The
average height of a sallying behavior was 2.7 m (+/-1.6) above the forest floor and the
average gleaning height occurred at 7.1 m (+/- 3.1). The range of sallying behavior was
from 2.0 to 7.0 m and gleaning behavior was from 2.8 to 15.0 m.
It was attempted to split these two foraging behaviors by species and find if one
species was significantly connected to a particular behavior. Though no statistical
significance was found, the data does follow certain trends. Foraging height was divided
up into low, medium, and high in the frequency range and foraging behavior was subdivided by the species that exhibited the behavior (Fig. 5). The graph shows a few
important trends like sallying M. miniatus being dominant at low heights and gleaning M.
torquatus dominating the high levels. Sallying M. torquatus and gleaning M. miniatus are
not as common overall.
Additional Observations
Out of 24 data points four, two M. miniatus and two M. torquatus, were found in
with a mixed-species foraging flock. All birds were indifferent to the flock and when it
moved past their territory they did not follow it. These flocks were seen included
Chlorospingus ophthalmicus, Basileuterus culicvorous, Margarornis rubinosus, Tangara
icterocephala, and Henicorhina leucosticta. Pairs of M. torquatus were seen to forage
together but not with M. miniatus.
Nests were found for five out of the 24 pairs with three for M. torquatus and two
for M. miniatus. All had three eggs or hatched chicks inside and average nest height off
the ground was 1.2 m with no difference found between the two species. The two M.
miniatus nests were found at 1550 and 1565 m above sea level and the three M. torquatus
nests were found at 1565,1585, and 1655 m above sea level. Nest height and altitude
also appear to be overlapping between the two species.

DISCUSSION
The altitudinal distribution data showed a large area of overlap between the two
species with areas of only one species outside of this overlap zone (Fig. 1). There was
overlap between them within the elevations of 1560 and 1600 m and this implies a
substantial degree of mixing between the two species. In a similar study performed about
five years earlier at the end of rainy season, similar results were found (Mahan, 1998).
There was an altitudinal range where there were large amounts of mixing between both
the species. The distribution of Myioborus torquatus is reported to be above 1600m
(Stiles and Skutch, 1989) but in both studies many were found below. Stiles and Skutch
also report that M. torquatus sometimes descends below 1600 m at the end of rainy
season so they may be seasonal migrants. Both studies show M. torquatus below 1600 m

and the birds have been seen nesting below 1600 m, which leads me to believe they are
not seasonal migrants, but rather residents.
The entirety of this study took place within the zone of overlap between the two
warblers altitudinal distributions (Stiles and Skutch, 1989). There are significant
differences in their distribution; however there is a large range where the two species
overlap shows that they are not completely segregated from one another (Fig. 1). There is
not a large enough difference in altitudinal distribution to provide complete segregation.
This leads me to believe that another mechanism of segregation may be used to reduce
competition between the two warblers.
Foraging behavior was analyzed to see if it was this second segregating
mechanism in this system. The data show that M. miniatus forages at lower heights off
the forest floor than M. torquatus (Fig. 2). Mahan (1998) had similar results and it may
be that foraging height further partitions the niche these two occupy. But the ranges of
foraging height in both birds have much overlap, and instead of complete niche
partitioning it seems that there is a degree of niche overlap. Again, it appears that an
incomplete means of niche partitioning was found.
When data sets for each species are combined altitude and foraging height are
positively related (Fig. 3a). It may be that both species are similar enough in altitude and
foraging height that some external selection pressure is forcing this relationship. Figure
3b certainly seems to provide evidence for this. Both species seem to cluster together and
no significant difference can be found between the two by using any type of regression
analysis. This supports my previous hypothesis that altitude and foraging height show
more niche overlap than partitioning. However, it should also be noted that an
incomplete sample set might be responsible for creating these trends. The set for M.
miniatus is particularly narrow and further data collection may yield significant patterns.
But the cluster seen in Fig. 3b would not be altered by additional data and I believe this
supports the niche overlap theory.
Both altitudinal distribution and foraging height appear to overlap in these two
congeneric species so another factor allows co-existence was examined. In general,
foraging behavior was related to foraging height (Fig. 4). I believe that the reasons
behavior may be related to habitat structure. The large, epiphyte-covered upper branches
of trees might be more ideal for the gleaning behavior while the open understory is better
for the intricate aerial maneuvers used to catch insects’ midair. However, it again seems
that the barrier between both these methods is very fluid and their overlapping ranges
imply that each behavior is not confined to a specific height.
Foraging behavior split by species type show distinct trends that may strongly
segregate the species (Fig. 5). Up to this point more evidence for niche overlap has been
uncovered than for distinct partitioning. Figure 5 shows that M. miniatus mostly uses the
sallying technique and M. torquatus uses the gleaning technique. What sets foraging
behavior apart from other niche axes is less overlap between the species. Each bird has a
dominant behavior and I believe this behavior allows for niche partitioning. The types of

insects captured may be significantly different for each behavior and this difference in
diet may segregate the species enough for overlap and coexistence to occur.
A study on the diet of sympatric flycatcher species (Tyrannidae) may shed some
light on this idea. In Sherry (1984) the diet of insectivorous bird species was successfully
used to differentiate between foraging behaviors in the birds. Reversing the logic of this
study implies that different foraging behavior would have different diets. So M. miniatus
and M. torquatus might have different enough diets to coexist sympatrically. Prey items
can have bottom up control on predatory populations and if each of these birds were
based on different prey populations it would be a step to understanding how this niche is
partitioned.
Proof that these two birds are different enough to coexist requires data on their
behavior when directly interacting. My study never found this despite the fact that the
altitudinal ranges and foraging heights of each bird overlapped. Pairs of M. torquatus
would intermix intraspecifically and with other bird species but never seen with M.
miniatus. Niche overlap has been seen often in my study and I believe that interspecific
reactions to one another may provide key answers to how much their niches truly
overlap. These answers are found in another larger study done on the two warblers.
Shopland (1985) found interspecific interactions between M. miniatus and M.
torquatus. In this large study, foraging behavior of each bird was examined with and
without the presence of his or her congener. It was found that in the presence of the
bird's congener M. miniatus had a decrease in foraging success and M. torquatus had an
increase. Shopland claims that this shows social dominance of M. torquatus over M.
miniatus, but more importantly it shows that coexistence is possible between the two but
not productive for one of them. The decrease of M. miniatus's fitness is what might create
the niche differentiation between the two species. If M. torquatus dominates them and
they overlap with them in altitudinal range and foraging height then M. miniatus need to
utilize different resources to survive in that more strained situation.
Shopland's study supports my previous hypothesis that there is a large amount of
overlap between these species with a small amount of partitioning. They cannot coexist
without the fitness of one of the species decreasing, but they still can coexist. These two
species seem to be in the middle of a gradient between being able to coexist sympatrically
with one another and entirely excluding the other from the niche. My data supports this
claim because of considerable overlap in distribution and behavior. This implies direct
competition between the species in certain areas (which apparently M. torquatus
dominates). But foraging behavior (and therefore diet) seems to partition the two
warblers. If there were no partitioning then M. miniatus would not even be able to exist in
the same community with M. torquatus.
So what is the mechanism that creates the interaction between these two species?
Since M. torquatus appears to be dominant over M. miniatus. I believe the former species
must force the interaction on the later. I believe M. torquatus is spilling down from its
usual altitude of 1600 m to create this area of overlap seen in my study. These means that

there is space in the niche normally inhibited by M. miniatus. It may be that a predator or
disease is keeping the population of M. miniatus so low that both can inhabit the niche.
Another possibility is that the population of M. miniatus fills the niche completely but
because M. torquatus socially dominates it, M. miniatus is pushed out of the niche. The
area of overlap may only extend so far because as altitude decreases M. torquatus loses
fitness so it cannot displace M. miniatus effectively enough. This odd relationship forces
M. miniatus find different niches to utilize but there still is a large amount of overlap
between the species. Niche overlap makes survival more difficult in the less dominant of
the two species, so multiple mechanisms have been put in place to separate the two
species (some stronger than others).
The Monteverde area, like the rest of the world, is experiencing the effects of
global warming. One result is an altitudinal change in bird distributions with lower
altitude birds are moving up the mountain (Pounds et al, 1999). These changes may be
seen in my system of study. I would recommend a long-term study on M. miniatus and M.
Torquatus to in efforts to find these changes. I also recommend further study specifically
on the redstarts' foraging behavior and diet because it may yield more specific evidence
about the niche partitioning seen in my experiment. These changes in the experiment may
provide insight in large-scale changes occurring in the Monteverde and a greater
understanding of the partitioning occurring between these two warblers.
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